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@ Output power control for a pulsed transmitter and envelope shaping of power 



@ Some mobile station cellular networks use 
either amplitude modulation or constant en- 
velope modulation depending on the situation. 
The pulsed transmitter of the mobile station is 
switched on and off by a first control signal 
(TXP) and the output power envelope shaping 
of the pulse to be transmitted is controlled in 
the feedbadc loop by a second control signal 
(TXC). According to the invention the output 
power is controlled by a thiird control signal 
(TXCE) which in the amplitude modulation case 
switches off the feedback loop for the period of 
the infomiation transfer and which at other 
times closes the feedback loop. 
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The invention relates to the output power control 
of a pulsed transmitter. 

As the density of mobile phones grows, methods 
for increasing the capacity of mobile networks are 
continuously underdevelopment. Systems have been 
designed in cellular networks, for Instance, in which 
different modulation schemes are used in the cells of 
the network. One such application has been designed 
for TDMA mobile communication systems which use 
a constant envelope modulation scheme, for instance 
the GMSK-scheme in the GSM network, in large mac- 
rocells and a Qam-type modulation scheme In micro- 
cells (picocells). When the mobile station then moves 
between different cells, a change of the modulation 
scheme must be cam'ed out in the traffic, possibly in- 
cluding changes in the sampling rate and the length 
of the transmission power switching on period. 

It is no problem to use the transmitter power con- 
trol circuit when a constant envelope modulation is 
used because in this case there is no output power va- 
riation of the transmitter due to the information con- 
tent of the transmission. On the contrary, when using 
the amplitude modulation it seems to be unreason- 
able to use the power control because the information 
to be transmitted causes output power variations of 
the transmitter as such: in this case the power control 
would cancel the variation caused by the Infonmatlon 
and the system would notfunction in the desired way 
any longer. However, the power control is clearly 
needed with respect to the increase and decrease 
periods of power, i.e., during the ramp up and down 
period, to smoothen the transient peaks which would 
otherwise violate spectrum requirements. One solu- 
tion to this problem would be to switch the power con- 
trol loop off after the ramp up and then on again be- 
fore the ramp down. However, if we use a constant en- 
velope modulation we must not switch the power con- 
trol loop off because we then loose the possibility to 
cancel the output power variation due to, e.g. temper- 
ature and supply voltage changes. Moreover, using 
the power control loop In the constant envelope mod- 
ulation attenuates the possible amplitude variatton of 
the modulator output and, consequently, makes it 
easier to meet the amplitude modulation/phase mod- 
ulation (AM/PM) conversion requirements of the pow- 
er amplifier. This allows the amplifier to be made 
more nonlinear and, accordingly, makes its perfor- 
mance more efficient. 

In accordance with one aspect of the invention 
there is provided a method for output power control of 
a pulsed radio transmitter in a radio device, wherein 
either amplitude modulation or constant envelope 
modulation is used for transfenring information on the 
basis of a control signal obtained from the base sta- 
tion of the radio network, the transmission of pulse in 
the device being switched on and off by a first control 
signal, the output power envelope shaping of the 
pulse to be transmitted being controlled in a feedback 



loop by a second control signal, and a third control 
signal being arranged in the radio device, which in the 
amplitude modulation case switches off the feedback 
loop for the period of information transfer and which 
5 at other times closes the feedback loop. 

In accordance with a second aspect of the inven- 
tion there is provided a method for output power con- 
trol of a pulsed radio transmitter in a radio device, 
wherein either amplitude modulation or constant on- 
to velope modulation is used for transferring Information 
on the basis of a control signal obtained from the base 
station of the radio network, the transmission of pulse 
in the device being switched on and off by a first con- 
trol signal, the output power ramp up and down of the 
15 pulse to be transmitted being controlled in a feedback 
loop by a second control signal and a third control sig- 
nal being arranged in the radio device, which in the 
amplitude modulation case transmits a modulated 
signal (Mod) as the second control signal of the feed- 
20 back loop for the period of information transfer, and 
which at other times transmits a pulse, which shapes 
the transmission pulse power envelope, as the sec- 
ond control signal of the feedback loop. 

The present invention provides a solution to the 
25 conflict regarding the power control requirements 
when two modulation schemes are used in the same 
device. 

In accordance with the invention the pulsed 
transmitter can be used applying both constant envel- 
30 ope modulation and amplitude modulation. 

In accordance with the inventive idea, in the case 
of constant envelope modulation, the output of the 
transmitter can be continuously controlled by a con- 
trol loop. In the case of amplitude modulation, the out- 
35 put is controlled by the control loop during power 
ramp up and down, but the control loop is not working 
during the period the information is transferred. 

In accordance with a third aspect of the invention 
there is provided an output power control for a burst 
40 radio transmitter operable in a first mode in which 
there is no output power variation due to the informa- 
tbn content of the transmission and a second mode 
in which the information content of the transmission 
causes output power variations, comprising a feed- 
45 back loop for shaping the envelope of bursts during 
operation in the first mode and means operable to in- 
hibit shaping during operation in the second mode. 

Other advantageous versions of the invention are 
illustrated in the dependent Claims. 
50 The invention is described in the following in more 
detail with reference to the appended Claims. The fig- 
ures illustrate schematically the power control and 
the high frequency parts of the transmitter. 

Figure 1 shows a circuit arrangement according 
55 to the first embodiment of the invention for the 
power control of the transmitter; 
Figure 2 shows schematically how the power con- 
trol signal of the transmitter is generated for the 
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circuit arrangement according to Figure 1; 
Figure 3 illustrates behavior in the tinning of the 
signals in Figure 2; and 

Figure 4 shows schematically a circuit arrange- 
ment according to an alternative embodiment of 5 
the invention for controlling the power of the 
transmitter. 

Figure 1 shows the transmitter part of a mobile 
station with respect to the parts relevant to the de- 
scription of the invention. A modulated transmission io 
signal is brought to input Pin of power amplifier 10. 
Output signal Pout of the amplifier is sent to an anten- 
na (not shown). A signal for detector circuit 12 (low 
pass filtering) is taken from the output signal to the 
power control loop via directional coupler 11 or the is 
like and from there further to comparator 1 3. Control 
signal TXC is the second input of the comparator. The 
output of comparator 13 Is sent via switch 14 and fil- 
tering 15 to summing point 16. Switch 14 is controlled 
by control signal TXCE. Furthermore, control signal 20 
TXP is brought to the summing point, whereupon sig- 
nal Vcontrol which controls the power amplifier is ob- 
tained. In the first embodiment shown in Figure 1, the 
power of the transmitter is thus controlled by three 
separate signals which together form control signal 25 
Vcontrol for the power amplifier. 

Transmit control signal TXC can be, for instance, 
a raised cosine signal or any other suitable type of 
pulse and it is used to control the power envelope 
shaping and the power level adjustment The forming 30 
of signal TXC according to the invention is described 
below with reference to Figure 2. However, signal 
TXC alone cannot control the whole transmission 
power ramp up process from the noise level up to the 
final power level because detector signal 12 does not 35 
produce a proper output signal until after a certain 
threshold value. At outputs below the threshold value, 
no reasonable input signal is obtained at the compar- 
ator input and as a consequence the power raising 
would be completely uncontrollable without other pro- 40 
cedures. In addition, the detector threshold value va- 
ries as a function of temperature. On the other hand, 
the output of the power amplifier varies as a function 
of the supply voltage. To overcome these problems, 
transmit power signal TXP is used. Signal TXP Is an 45 
abrupt step voltage which raises the power to a level 
where the detector works properly and where the de- 
tector is less sensitive to temperature changes. 

In accordance with the invention the third control 
isignal is control signal TXCE (transmit control en- so 
able) which Is always positive in the constant envel- 
ope modulation case and at zero during the informa- 
tion transfer in the amplitude modulation case. A pos- 
itive TXCE switches on switch 14, whereby the power 
control loop is a closed feedback loop. Therefore, the ss 
control logic of the mobile phone must know the re- 
spective modulation scheme used to be able to bring 
signal TXCE into the conrect state. This information Is 



obtained from the respective base station, i.e., based 
on what kind of cellular network cell the respective 
mobile station is in. 

if the cellular system is specified in a way that the 
modulation schemes and the corresponding band- 
widths and, consequently, the bit rates have a one-to- 
one relationship with each other, the modulation se- 
lect can be replaced by a bandwidth select, i.e., the 
modulation mode automatically follows the bandwidth 
select. 

In Figure 1, control signal Vcontrol is fed directly 
to the power amplifier. It is also conceivable that the 
control signal is fed to an adjustable attenuator which 
is placed between input signal Pin and the actual 
power amplifier (not shown). In principle, however, 
such a solution works in the same way as the one 
shown in Figure 1. 

Refenring to Figure 2, it is examined with the aid 
of an example how the transmit control signal TXC is 
formed in the arrangement according to the invention. 
The transmitter output power can be controlled with 
two 8-bit digital/analog converters 21 and 22 by using 
single analog control line (TXC) to the transmitter 
power control circuit. Naturally, a higher resolutton (9 
or 10 bits) can also be used in the D/A conversion if 
necessary. The power level is controlled by an 8-bit 
control byte allowing a 0.2dB resolution for 40dB lin- 
ear control range. 

The TX power level is actually controlled by a sig- 
nal obtained from the base station of the system, but 
Figure 2 only shows the portion included in the mobile 
station. In this case the power level is controlled by 
the control logic of the nriobile station, I.e., by a signal 
obtained from it from a microcontroller bus and first 
stored in an 8-bit register and clocked therefrom to 
another 8-bit register 24. Register 24 is controlled by 
a burst start signal, whereby the contents of the reg- 
ister are transferred to converter 22. A reference vol- 
tage is coupled to reference input REF of converter 
22. The output of D/A converter 22 controlling the 
power level is conducted to reference input REF of 
D/A converter 21 which controls the power ramp up. 

The power ramp is controlled according to the 
modulation (or bandwidth) required by the system, 
using the power ramp sampling dock and ramp length 
select signals, shown in Figure 2. A signal which con- 
trots the power ramp is obtained from the output of 
counter 25, memory 26 and latch circuit 27 to D/A 
converter 21 , the output TXC of which is, consequent- 
ly, an quantized ramp voltage. This ramp voltage is 
low pass filtered (not shown) before it is transmitted 
to the TXC input of comparator 1 3 in Figure 1 . Control 
bytes for the power ramp up are loaded from ramp 
duration memory 26 in synchronization with the sam- 
pling clock. 

Signal TXC can. of course, be fomied by another 
circuit arrangement but It is considered advantageous 
to use two separate control lines. When the power 
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level and the power ramp are controlled by separate 
lines, less execution power of the mobile station con- 
trol logic is required for transmitter power calculation. 
The burst start signal, power ramp sample clock, and 
ramp select signal are received from a real-time 
counter logic. Ramp memory 26 may contain sample 
data of different ramp lengths. The transmitter power 
level and power ramp can be changed from burst to 
burst in accordance with the control of the control log- 
ic. 

Figure 3 illustrates the control signals as a func- 
tion of time. As already mentioned, the signals are: 

TXC = power control analog voltage; 

TXCE = control signal of power control loop; 

TXP = power on/off. 
Figure 3 shows in phase a) an amplitude modu- 
lation burst, and in phase b) a constant envelope mod- 
ulation burst. In each case, a TXP signal switches the 
transmission burst on when the signal goes positive, 
and the burst is ended when the TXP signal returns 
to the zero level. This is desalbed, regarding phase 
a), with markings "start TX", and correspondingly, 
"stop TX". 

The TXC signal is used to control the shape of the 
power ramp both in the ramp up phase and the ramp 
down phase, as described above. 

According to the invention signal TXCE is used in 
the amplitude modulation case so that the signal is 
set to positive and the control loop is on when increas- 
ing and decreasing the transmission power during the 
power ramps, whereby the shape of the transmission 
power pulse is controllable. Signal TXCE is set to zero 
In phase a1 for the period of the actual Information 
transfer. 

In the constant envelope modulation case, in- 
stead, signal TXCE Is positive all the time, whereupon 
the power control loop works all the time, also during 
the information transfer in phase b1 (Figure 3). 

Figure 4 illustrates schematically a circuit ar- 
rangement according to another embodiment of the 
Invention for the transmitter power control. In this al- 
ternative, control signal TXCE is used in a slightly dif- 
ferent way, i.e., it is used to couple, as the power ramp 
control signal TXC", either signal TXC which controls 
the ramp, or modulated signal Mod. When adapted to 
the circuit arrangement of Figure 1, the solution ac- 
cording to Figure 4 means that switching circuit 14" is 
placed in the TXC Input branch of comparator 13 in 
Figure 1. In this case switching circuit 14 of Figure 1 
is omitted. In the alternative of Figure 4, TXC signal 
may be formed in the same way as shown in Figure 
2. Modulated control signal Mod can be obtained in 
different ways: it can be calculated directly from the 
digital I and Q signals, it may be formed by summing 
the analog I and Q signals, or it may be obtained by 
detecting the RF modulator output power. These al- 
ternatives are not presented because we assume that 
the implementation thereof Is obvious to those skilled 



In the art. 

When the system uses amplitude modulation and 
the TXCE signal in Figure 4 is positive, the ramp sig- 
nal TXC is selected as the input of switching circuit 
5 1 4" and it is coupled as output signal TXC", and con- 
sequently, the output of power amplifier 10 adheres 
to the ramp shapes of Figure 3 because the feedback 
loop of the amplifier is now controlling the output pow- 
er. 

10 When the TXCE signal is in zero, modulated sig- 
nal Mod is selected as the input of switching circuit 
14", whereby TXC" signal adheres to modulated sig- 
nal Mod, and the output of comparator 13 and, con- 
sequently, control signal Vcontrol of the power ampli- 

15 f ier vary according to the amplitude variations of the 
modulated signal. Consequently, the output power of 
amplifier 10 can be controlled during the ramps in the 
manner presented In Figure 3 and the modulated sig- 
nal detennines the actual output power during the in- 

20 formation transfer. 

When the arrangement of Figure 4 is used by con- 
stant envelope modulation, control signal TXCE is al- 
ways positive, whereby the effect of amplitude varia- 
tion on the power control can be prevented. 

25 Normally, the control loop bandwidth is smaller 
than the modulation bandwidth, whereby it is reason- 
able to use the same filter in the modulated signal In- 
put Mod as in the loop itself. 

The Invention is not limited to the example descri- 

30 bed herein. Regarding the implementation of the de- 
tails, many variations are conceivable. Thus the form- 
ing of control signal TXC presented in Figure 2 could 
be carried out in another way Instead of the advanta- 
geous manner described herein, for instance, by pro- 

35 gramming in the microprocessor which controls the 
mobile statton if its capacity for the task is sufficient. 



Claims 

40 

1 . A method for output power control of a pulsed ra- 
dio transmitter in a radio device, wherein either 
amplitude modulation or constant envelope mod- 
ulation is used for transferring information on the 

45 basis of a control signal obtained from the base 
station of the radio network, the transmission of 
pulse in the device being switched on and off by 
a first control signal (TXP), the output power en- 
velope shaping of the pulse to be transmitted be- 

50 ing controlled in a feedback loop by a second con- 
trol signal (TXC), and a third control signal 
(TXCE) being arranged in the radio device, which 
in the amplitude modulation case switches off the 
feedback loop for the period of Information trans- 

55 fer and which at other times closes the feedback 
loop. 

2. A method for output power control of a pulsed ra- 
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dio transmitter in a radio device, wlierein either 
amplitude modulation or constant envelope mod- 
ulation is used for transferring information on the 
basis of a control signal obtained from the base 
station of the radio network, the transmission of 
pulse In the device being switched on and off by 
a first control signal (TXP), the output power 
ramp up and down of the pulse to be transmitted 
being controlled In a feedback loop by a second 
control signal (TXC"), and a third control signal 
(TXCE) being arranged in the radio device, which 
In the amplitude modulation case transmits a 
modulated signal (Mod) as the second control 
signal (TXC") of the feedback loop for the period 
of information transfer, and which at other times 
transmits a pulse (TXC), which shapes the trans- 
mission pulse power envelope, as the second 
control signal (TXC") of the feedback loop. 

3. A method according to Claim 1 or 2, wherein the 
waveform of the second control signal (TXC) 
which shapes the envelope is formed according 
to sample data which are read from the memory 
(26) of the control logic of the radk) device and 
which corresponds to the respective conditions of 
the radio network, and that several sample data 
sets have been prestored Into the memory (26), 
whereby the length, ramp up and/or down period 
of the pulse to be transmitted, and the shape of 
the pulse can be changed from one transmission 
to another. 

4. A method according to any of the preceding 
Claims in a system wherein the modulation mode 
is associated with one-to-one bandwidth, charac- 
terized in that the modulation mode selection is 
carried out according to the bandwidth in accor- 
dance with a control signal obtained from the 
base station. 

5. A method according to any of the preceding 
Claims, wherein the radio device is a mobile sta- 
tion. 



by a counter circuit (25), the sample signal being 
transmitted via a latch circuit (27) to a digital/ana- 
log converter (21 ), whereby the unf iltered second 
contn^l signal (TXC) is the output of the dig'h 
5 tal/analog converter. 

8. A circuit arrangement according to Claim 7, 
wherein the reference (REF) of the digital/analog 
converter is a reference signal fonrned (22, 23, 

10 24) on the basis of the powerlevel signal obtained 
from the base station of the cellular network. 

9. An output power control for a burst radio trans- 
mitter operable in a first mode in which there is 

15 no output power variation due to the Information 
content of the transmission and a second mode 
in which the information content of the transmis- 
sion causes output power variations, comprising 
a feedback loop for shaping the envelope of 

20 bursts during operation in the first mode and 
means operable to inhibit shaping during opera- 
tion in the second mode. 

10. An output power control for a burst radio trans- 

25 mitter according to claim 9 wherein the means for 
inhibiting is operable during periods of informa- 
tion transmission. 

11. An output power control for a burst radio trans- 
30 mitter according to claim 9 or 10 wherein the 

means for inhibiting comprises means for inter- 
rupting the feedback loop. 

12. An output power control for a burst radio trans- 
35 mitter according to any one of claims 9 to 10 

wherein the means for inhibiting comprises 
means for providing first and second respective 
signals to the feedback loop. 

40 



6. A method according to any of the preceding 45 
Claims, wherein the modulation mode is changed 
when the mobile station moves from a ceil of the 
cellular network which applies the amplitude 
modulation into a cell applying the constant en- 
velope modulation, or vice versa. so 



7. Acircuit arrangement for forming the second con- 
trol signal (TXC) which implements the method 
according to any of the preceding Claims, where- 
in the circuit arrangement contains a control sig- 55 
nal memory (26), from which a sample signal is 
read out with the aid of a select signal formed by 
the control logic of the radio device and clocked 
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